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device, said sensor placed in\electrical communication with said second RF 
receiver; 

d) demodulating anld diStizihg the ambient RF signals with the second J^. 

My 5^ 

RF receiver; and ^ ^ 

e) suppressing the ambieht RF signals correlated between the first RF 
receiver and the second RF receiver vnth the adaptive filter 



o 
o 
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REMARKS 

< In paragraph 1, the Examiner has objected to the drawings alleging that means to 
digitize and demodulate the received signals and the converting signals to a corresponding 
voltage or current must be shown or the features canceled from the claims. Applicant states 
that the drawings will be amended to show these fimctions and no new matter will be entered 
in doing so. However, the drawings have been delayed due to factors beyond the control of 
applicant and his attorney so that, as soon as they become available, they will be submitted. 

The Examiner has rejected Claims 1-18 and 34-38 under 35 U.S.C.§103(a) as being 
unpatentable over Clough et al (US 4,672,674). The Examiner has also rejected Claims 1-10, 
14, 15, 25-27, 34 and 38 under 35 U.S.C.§103(a) as being unpatentable over Chang (US 
4,912,767). The Examiner has fiirther rejected Clauns 19-24 and 28-33 under 35 U.S.C. 
§ 103(a) as being unpatentable over Chang (US 4,912,767) in view of the instant 
application's admitted prior art. Applicant has canceled Claims 2 and 6 and has amended 
Claims 1, 3-5, 7, 9-17, and 25-38. Applicant respectfully traverses these rejections and, in 
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light of these amendments, requests re-examination. 

Each of the cited references, including Zurek et al (US 4,956,867) and Schiff (US 
4,636,586), are concemed with acoustic or audio signals. Clough et al cancels audio signals. 
Chang uses the same cancellation process as Clough et al except that he adds narrow band 
filters before the cancellation process to make audio voice recognition. Schiff uses the same 
cancellation process as Clough et al except the application is for canceling audio echoes. 
And, Zurek uses the same cancellation process as Clough et al except that he adds a 
threshold function to enable or disable the cancellation process for low signal-to-noise ratios. 
But note, all of these references deal with audio signals. 

Audio sigpals, (acoustic radiation) travels at the speed of sound, much slower than 
radio frequency (RF) radiation that travels at the speed of light. Applicant's invention clearly 
states that it is useful for cancellation of radio frequency (RF) signals. The problems with 
acoustic radiation and the solutions to these problems are not suggested by references that 
deal only with acoustics. Audio signals typically are in the range of 20 Hz to 20,000 Hz 
whereas RF signals typically are in the range of several million Hz to several billion Hz, The 
reason why the Examiner has not cited any patent prior art about RF in the presence of 
strong ambient signals is that there is no such prior art. The industry has been stymied in this 
regard and has been using spectrum analyzers, anechoic chambers, and remote open area test 
sites with all of their drawbacks and problems, explained in detail in the specification. 
Applicant's invention is the first, truly virtual RF signal analyzer that is free of these 
drawbacks and disadvantages and that can be obtained at a reasonable cost. 
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Applicant's invention describes a similar level of modification in HF such as Chang 
has done to Clough et al with radio acoustics. Chang has added narrow band filters, whereas 
Applicant has added a demodulator. The cited patents are for the sole purpose of canceling 
audio signatures. These signatures are directly digitized with A/D converters. The instant 
patent application states, on page 8, line 28, the use of time, fi-equency and phase 
synchronized receivers BEFORE the A/D process. The four cited patents use synchronized 
A/D converters but Applicant's invention uses synchronized RF receivers before the A/D 
converters. No such device as applicant's exists, other than that made according to the 
instant invention, that has fiilly synchronized two-channel RF receivers. This is what others 
in the prior art are missing who have tried to cancel RF ambients. This is noted in the 
specification at page 9, lines 23-35, page 10, lines 1-6, and page 13, lines 13-17. As is 
shown in the following documents, submitted herein, the RF measurement community, 
specifically the electromagnetic interference (EMI) commimity, has been trying to cancel 
ambient RF signals for more than 10 years. For instance, a competitor, Hewlett-Packard, 
conducted three (3) years of research in order to accomplish this but failed to develop such 
a system and abandoned the project. Accordingly, the teachings of Clough et al, Chang, 
Zurek et al and Schiff have not provided any direction to the industry to cancel RF 
signatures. 

The claims have been greatly amended to show that the invention is limited to RF 
energy matters, not audio or acoustic signals. In addition, a limitation has been added that 
the second sensor is placed at a distance fi^om the first sensor of at least ten times the distance 
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between the first sensor and the device under test. Neither of these limitations appear in or 
are suggested by the four cited references. 

The Examiner is charged with the duty to cite references that teach Applicants' 
invention. In re Wood, 599 F.2d 1032, 202 USPQ 171,174 (CCPA 1979): (...we look to see 
whether teachings render the claimed subject matter obvious") [emphasis the court's]. Here, 
neither Clough et al, Chang, Zurek et al or Schifif teach, suggest or hint Applicants' claimed 
invention of measuring radio frequency emissions. 

Applicants now present evidence of secondary considerations that are important to 
his argument that the claimed invention is not obvious within the meaning of 35 
U.S.C.§ 103(a). This evidence may be quite relevant to the issue of unobviousness, 
Stratojlex, Inc. v. Aeroquip Corporation, 713, F.2d 1530, 1538-40, 218 USPQ 871, 879 
(Fed. Cir. 1983) "...evidence of secondary considerations may often be the most probative 
and cogent evidence in the record. It may often establish that an invention appearing to be 
obvious in light of prior art was not." 

The first document, Exhibit A, is a product brochure of the instant invention 
describing its fimctions and benefits. The second document. Exhibit B, is a "Readers' 
Choice" award and "Product of the Week" award, issue by "Evaluation Engineering" 
magazine describing the instant invention and its benefits. The third document. Exhibit C, 
is another "Readers' Choice" award fi-om Evaluation Engineering magazine, showing, on 
page 2 under the heading "EMC", the instant invention as being chosen as one of the best 
EMC products of 1999. The fourth document. Exhibit D, is an article by the inventor of the 
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instant invention and others concerning the invention that was printed in the August 2000 
issue of Conformity magazine. The fifth document, Exhibit E, is another "Product of the 
Week" award issued for the instant invention for ChipCenter the Intemet's definitive 
resource. The sixth document, Exhibit F, is a reprint of an article about the instant invention 
appearing in a recent issue of Compliance Engineering, Evaluation Engineering, Test & 
Measurement World magazine. The seventh document, Exhibit G, is a reprint of an article 
about the instant invention for the U.S. Air Force. 

Please note that the undersigned was not the counsel of record in this patent 
application when the Examiner issued his Office Action. However, the assignee of the 
Patent Applicant, CASSPER histrumentation Systems, Inc. has recently revoked the Power 
of Attomey issued to the original patent attomey and has executed a new Power of Attorney 
in favor of the undersigned. Enclosed as Exhibit H is a copy of this new Power of Attomey. 
The original Power of Attomey is on its way to the undersigned's office by mail and, as soon 
as it is received, will be forwarded to the Examiner. 

In addition, the undersigned submits his own declaration, as foundation for the claim 
by Applicant of the conmiercial success of the invention. That declaration, Exhibit I, 
indicates that Applicant's assignee has manufactured and sold 47 such units to such well 
recognized companies as AT&T, General Motors, OTIS elevator, Lucent, and the United 
States Air Force. Commercial success is a hallmark of nonobviousness. 

Applicant's new counsel has amended the claims to clearly indicate that the invention 
is limited to RF energy. Based upon these amendments, the arguments set forth above, and 
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the evidence submitted herein, Applicant requests the Examiner to re-examine the claims and 
withdraw his rejection based upon 35 U,S.C.§103(a). 

Applicants' counsel has addressed all issues raised by the Examiner in this first Office 
Action. If any issues have not been adequately addressed it was purely unintentional and 
the Examiner is invited to telephone counsel The application now appears to be in condition 
for passage to allowance and such action is earnestly solicited. 

Respectfully submitted, 




Pacific Center One, 
701 Palomar Airport Road 
Carlsbad, California 92009-1027 
Telephone: (619) 431-0091 
Facsimile: (619) 431-9441 
e-mail: Jmurphey@mmiplaw.com 
Dated: December 5, 2000 
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Cancel rF Ambient Noise,xocate EMI ferii 



The Challenge 

In today's crowded RF ambient, higher noise levds often 
interfere with EMC compliance measurements. Filtering 
out the ambient and identifying only BUT related 
emissions requires a lot of time and educated guessing. 
Thafs because test instruments like spectrum analyzers 
identify sigiial frequency and power level, hut not the 
signal source. It's easy to see how EUT emissions can be 
overlooked, hidden underneath ambient signals with the 
same center frequency. 

Separating ambient from EUT emissions however, only 
solves part of the problem. You still need to find the 
offending emission source. If there are several unrelated 
emitters, all generating the same frequency, which one is 
the cu^rit? A spectrum analyzer will point to the 
emitter wiA the highest, signal amplitude, but that may 
not be the source of the problem. 




CASSPER's som locsHzstion cspsbHiiy 
an pinpoint emission sources among 
several unre!3Tedemittcts opcming 3V 
thessmefrBQvency. 




1 



12/04/2080 13:22 17149^0500 _ SARA INC ^ 

ources, Witn wie t-asy lo use •ysicm; 




Jechnologysnd urbiniimn inu^m. 
RFmbim noi$t interfering wnh EMC 
m^BSurements. The CASSPERsysren) uses 
dwbicnt ancellBDon w oeare d 'vinud! 
(hmbtr" forming: 



The Solution 

CASSPER® (Configurabk Automated System for Sending and Processing Electromagnetic 
Radiation) is a breakthrough system that performs fast, accurate RF emission testing, even 
in the presence of ambient radiators. It creates a Virtual Chamber™ ennromnent for pre- 
compliance measurements and EMI troubleshooting. The result? Test sites overrun with 
ambient can be used again, in-place testing can be performed on the factory floor without 
interruptions for equipment shutdowns, and hard to identify radiation sources can be 
located with pinpoint accuracy. 
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What isCASSPER? 

CASSPER is an integrated system thai combines Windows** 
and LabVIEW®- based software with a powerful PC» hi^- 
speed digital signal processors (DSP), and a unique, 
frequency-synchronized, phase-locked, dual-channel multi- 
port Receiver. The CASSPER receiver uses two time and 
freqiiency-synchronized channels to simultaneously record 
signals at multiple locations. High speed digital signal 
processing allows CASSPER to cancel interfering ambient 
signals, accuratdy estimate BUT signal strengths, and relate 
radiating emission signals to their sources. 

Each of the two channels (A and B) has iq) to four ports on 
the fl-ont of the receiver for sensor input. Multiple sensors 
can be connected, with automatic port switching based on 
the operating frequency of the sensor(s). 

Before measurements begin, files are created describing the 
sensors being used and their related data (antenna factor, 
transfer impedance, insertion loss, etc). A minimum of two 
sensors, one for each channel, is used. For ambient cancella- 
tion >. one sensor measures both EUT and ambient radiation 
while the other measures. ambient radiation. For source 
localization, one sensor measures the problem signal and 
the other sensor probes for its origin. The EUT and ambient 
signals can be CW, AM, FM, or digitally modulated. 
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Applications: Ambient Cancellation 

Like most test setups, an antenna is placed at a distance d in 
jfront of the EUT. This antenna is connected to Channel A and 
receives both EUT and ambient emissions. A second antenna is 
placed further away at a distance of approximately ten times d. 
This reference antenna records the total ambient and is 
connected to Channel B. Both antennas are placed in the same 
direction and polarization. 

CASSPER's receiver channels are time and frequency- synchro- 
nized* simultaneously recording the radiated field strength at 
the two locations. The correlated ambient signals from die tvro 
received time series are cancelled, creating a virtual third 
measurement channel. This measurement contains signals 
unique to Channel A, and represents the EUT 

CASSPER provides several control functions for 
Ambient Cancellation mode: 

• Automatic port switching between multiple sensors to accommodate 
band breaks 

• Seleaable limit levels for FCC and CISPR measurements 

• Peafc Quasi-Peak, Average detection (Q-P & Avg. options avail in '00) 

• Single or continuous-sweep scan method 

• Selectable bandwidth resolution 

• Threshold— ancellation only performed on signals above a spedfied 
limit line 

• Safety Factor— cancellation performed on signals within or above ndB of 
the cunreni limit line 

• Suspect Table— automatically generated list of data points equal to or 
exceeding the current limit line 

• Graph Legend, Graph Marker 

• Data expon funaion to Word and Excel files 
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Applications: Emissions Source Localization 

To perform source, localization, the EUT aDtenna used for the 
ambient cancellation test setup can remain in the same 
position, connected to Channel A, receiving both EUT and 
ambient emissions. For board level testing, the EUT antenna 
. can be replaced with another sensor such as a current dmtp, 
and the reference antenna conneaed to Channel B ean be 
replaced with an E or H near-fidd probe. However, in-place 
testing of a large EUT may be more practical if two antennas 
are lised instead. Either way, the choice and location of sensors 
are riot as important as they are for ambient cancelktion. 

CASSPER*s receiver channels are time and frequency-synchro- 
nized, simultaneously recording die field strength at the two 
locations. The phase relationships between the two signals are 
measured, and a coherence value of 0 to 1 is determined. A 
coherence value of 1 indicates that the two signals are related 
and are from die same source, pLopointing the emissions 
source; This remains true even if it is one of several emitters 
radiating at the same frequency and amplitude. This informa- 
tion, and die ability to easily determine the culprit source, 
cannot be gathered using traditional instrumentation. 

CASSPER provides several control functions for 
Emissions Source Localization mode: 

• Automatic port switching between multiple sensors to accommodate 
band breaks 

• Single or continuous-sweep scan method 

• Selectable bandwidth resolution 

• Averaging— selectable data sampling rate 

• Rx-B filter— selectable Coherence Threshold 

• Suspea Table—Automatically generated list of data points equal to or 
exceeding the Coherence Threshold 

• Graph Legend, Graph Marker 

• Data export function to Word and Excel files 
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Practicdi Applications: 

EMC and Electronic Design Engineers 

• Performing pre-compliance emissions testing 

• Performing in-place testing for large systems and assemblies 

• Perfom\ing on-site testing 

• Making RF noisy test sites useable again 

• Relieving backlog from over-scheduled test resources 

• Quaiifyiig designs for potential emissions problems 

• Perfomr^ing A/B comparisons 

• Qualifying incoming components and assemblies 

• Performing post-production sample testing 

CASSP^R vs. Traditional Source Identification Methods 





CASSPER 


Traditional Source 
Identification 


System Tools 


• Power Spectrum 
Measurement 

• Ambient Cancellation 

• Source Localization 


• Power Spearum 
Measuremerii 


Operator Expertise 
Required 


Technician 


EMC Expert 


Timie Required 


< V2 


1-3 days 


Cost 


= $50k 


$100-500k 



Putting aSSPER to Work for You! 

CASSPER is aji intuitive, po\verfid system that extends existing 
resources and' opens up tremendous new possibilities. Request a 
demonstration ar your facility now, and see what CASSPER can do 
for you! Visit our website for the location of your local distributor 
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Readers' Choice 



CASSPER EMI Test System 

EMC T^t Systems 





CASSPER EMI Test System records and isolates EUT signals without 
the need for anechoic chamben. It delivers true ambient cancfuation tS 
modular and portable PC-based instrumemation system featuri^her^ce 
me«uniment to identify and locate sources of EMI noise. inTdiS 
multiple sources of the same fi^quency. This is achieved by compSing a 
near field probe's s,gna] to the radiation received by the ETJI test »^a. 

EMC Test Systems 

(512) 835-4684 



hltp://www.ev<i]ua«ioBengiii«rinj.coiii/re»<l«nchoic6/emete,t.hiin 
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the Week 



Archtveg I Feedback 



New Degart^^ 

PC-Based EMI Tool Can Ease RF-Compllance Measurements 





The manufacturer says 



Chipcenter'5 Alex Mendelsohn says . . 



CASSPER records and isolates EUT signals of 
interest without the need for iainechoic chambers 

Lake Forest, CA and Austin, TX-CASSPER 
Instrumentation Systems, Inc. (CIS) and EMC Test 
Systems (ETS) announced an investment and 
distribution agreement focused on developing the 
American and European markets for CASSPER 
system for EMC Testing. ETS has taken an equity 
interest In CIS and will put its distributton and 
marketing resources behind the new product 

CASSPER is a new PC-based ffistrumentation 
system that records and isolated ELIT (equipment 
I under test) signals of interest without the need for 
anechoic chambers. The system delivers true 
ambient cancellatkjn and removes the guesswork in 
signal identiffcation. The produdf s coherence 
measurement feature alkiws enjgineers to Wentify 
and locate sources of EMI noise, including multiple 
sources of the same frequency.. This saves 
enormous engineering time durir>g the mitigation 
stage at the board, unit or system level. The system 
is modular and portable, so rt can be easily 



First off, lefs define the acronym. CASSPER stands 
for Configurabie Automated System for Sensing and 
Pmcessma Bectromagnelic Radish .Now that 
we know that, just what is CASSPER, and why might 
it be the answer to an RF engineer's prayers? 

If you're woridng with sensitive receivers and 
associated transmitters, you need to know where you 
stand with respect to electromagndfc compatibiBty 
(EMC) and electromagnetic int^ference (EMI). 
Indeed, the CASSPER system promses to be a 
reasonable way to get the proverbial leg up" when it 
comes to pre-compTiance emissions testing. But wait. 
there's„more. 

If you use this reasonably priced instrument (it costs 
about $45,500 to $47,000, depending on 
configuratk)n; probes and antennas are opttons). 
youll be in a position to know where you stand 
before you underoo FCC test stints. Moreover, the 
unrfs price tag is about half what you'd expect to pay 
for a converrtionai test setup. That means you can 
test to your heart's content prior to spendinq the bio 
bucks at an FCC lab. -k- ^ « 



http://www.chipc^ter.coiii/TestandMeasurcmeQt/pr^ 
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bucks at an FCC lab. 



configured to meet a variety of specific needs. 

The product gives engineers far m«^e tools than 
ever before. Ambient cancellation and source 
oralization are now avaUable to anyone - even In 
the tab or on the production floor/ explains Stephen 
2Sn r^^'^'^'*^^ of CIS. -ETS IS alMder in thT 
EMC test market and they recognize the 
tremendous potential for this product. We*re very 
; exerted about the prospects for thfe unton." 

i ^1%' Mamager of ETS 

I stated that \ve are convinced thatCASSPER will 
I nave a tremendous impact on the market 
I Encroaching urtianization' is a trend that will 
ojntinue to impact our customers* ability to test-and 
this product solves the problem." ^-^i^ 

ETS is a manufacturer of products: that measure 
contain and suppress dectromagnette RF and ' 
miaro\^ve energy. The company linarkets Its 
products under the brand names of Rantec, EMCO 
Ray Proof (North America) and EuroshieW^ ' 

CASSPER Instrumentation Systerns, Inc. focuses on 
the design, manufacture, sales and support of 
innovative systems to help manufabturers of 

eqyipm^ mea^ EMI (dectromagnetk: 
interference) and detennine compliance with 
regulabons of the FCC and similar dovemmental 
organizations around the wortd. The company's 

P^^" "'^^ contract 

to the Unrted States Air Force. 



New Departure 

By Aiex Mendelsohn 

a'hSrSS^^I^ISK*^^ "niSi^ turn to When they 

are hkMen by external RF noJir^ "^^^ ■»* 




2060 13:35 1714|^5ee 'SARA INC ^ PfiGE Q3/24 

ChipCeoter: The Web's First Definitive Electronics Resource ^^h^^oi 



of4 



CASSPER tekes 8 different taflk, using the power of DSP. It identifies RF enfJitters (not lust for freouencv and 
po«^ lev^. in SF^ of ambient RF noise-4nd without a pricey anechoic fange^»iu^b^ft SnS^S^ 
readily perform A/B comparison over a range from 200 Hz all the way up to 1 n can auso let you 

Hard-toHdentIfy radiation sources can a^ be located with pinpoint accuracy. Imagine beino able to zero in on a 
leaky cable, or a hamionk>ted4n dock line, or a nearby trafJsrStter that's e^m^s^>S^^S. ^ °" ^ 

Thanks tort being PC-hosted and small In size, a CASSPER system can be sited convententJy at various ooints 
nl^^^^^^ the fiekJ; As su^ it seems like a natur^ for incoming amSSSt SS^b^SST 
qualiflMton tesbng You can run your RF tests on-site If the system youYe develoSngfen't In yourtebcr 
doesn't fit in your lab. or in an ariechoicdiamber, for that matter. «vMi.ia "an i in your lao. or 

SS^^SliS'^'*^ can just as readily use it in post-production sample testing. Utile special test 

promises to relieve backtags from over-scheduled test resources. Moreover while 
S^T^IS™ party test sessions typically demand as many as three days to come up with results, the 
llttie CASSPER can usually do tie same tests and come up wKh meaningful results In half a 

The Virtual Chamber 

In the past, one way around thei ambient hash and noise problem was to perform your complance or RF! tests 
in a f^^Jte area, or insktean etpenswe. and oftentimes large, shielded aWhofc'chamberor sa^n roofT^ 
Nk)w you enter what CIS/ETC calls a Virtual Chamber. »«B*fii.win. 

Indeed, ttie Virtual Chamber is the b^uty of the CASSPER system. You can mn accurate RF emissfon tests 
even in the presence of annoylrig ambient signals in the spectrum of interest Ambient cancellatSon is the secret. 

In fact you can now mate mea$urements at test sites that 

signals. That means m-place testing can even be perfomied on the factory floor, for example, or in other 
previously unsuitable locatmns. 

Windows and Lab VIEW 

The key tomaking thfe happen. In part, is CASSPER's use of a polnt-and-dlck Mkyosoft Windows environment 
running Natiorval Instruments' popular LabVIEW software. The CASSPER system uses theeePC^Sted 
applications. ak)ng with DSP haildware. In a frequency-synchronized phase-kicked multi-port receiver. 

The dual-channel r^etver-s time- and frequency-synchronized channels can simultaneously record signals at 
-JS ^'if^^ ^'^^tiJlS*'^'^ DSP then cancels interfering ambient signals, white accurately 
estimating BJT signal strengths. Moreover, the system relates radiating s^nais to their sources. Thafs pretty 

1*681. 

In use, multiple sensors (antennis or pertiaps current transfbnners) are patched to CASSPER's hardware 
endosure, with automata port multiplexing based on the operating frequency of the sensors. Each of the 
f channete (A and B] has up to four front panel SOohm input ports. At minimum, you'd connect two 

®^?!2^' one , for each channel. For ambient cancellatton, one sensor measures both EUT and ambient 
radiation, while the other measuiies ambient radiation. 

Prior to actually making any measurements, the system creates files describing the sensors you've chosen. It 
also stores related data, such as: antenna -factors, transfer impedance, and Insertton toss meWcs. 

f ^ tJJ^i;^]?*^'^''^' 1^^. ^ P'^"^ s^nsl and the other probes for its origin. The EUT 

and amtMent signals can be CW. -or AM or FM. or digitally modulated. Regardless of signal type CASSPER 
cancels ambient signals and recovers the ELfT signal. Even multipath distortion won't ptta^ the CASSPER 
(no pun intended). 

In some cases, tw signals that have the «ime frequency arent necessarily related. They may (or may not) be 
^ ^t^^ source. No problem for CASSPER. H can tocalize RF souroes by Wentifying mlasurenwits that 
are related and from the same source. " uwi 



http://www.chiDcentcr.coniyTestandM«wwiiwm»»nt/»w%/in'?T v*.».iTOi>TKrr.^.. 
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=an=*ed. oMilna a virtual mirt nSSSiSSSml^^ 

A. and theiBfore represerts the a^^^ ™ ""i^^ 

The Usual Suspects 

S'^'STa^Sql^^S^S^ '^^ - 9-"^ Of data 

and a coherence vaJue of 0 to 1 can Se^igiiS^ relationships between the tw signals can be measured, 

frequency and amplitude. This Idnd of InfaSSton ^*^"9 at the same 

usually be gathered using conventionJlSSJS^n Jt can't 
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Eight Products Win Honors 
From Readers 

1 999 was a great year for new product mtroductions. Of the 
hundreds of products that debuted on the market, which ones 

staiKi Out as tops in Iheir class? To firxl the ansvv«r, we turned 

|{£^^)£|^i to our readers. We asked you to select the products you 
r H n I r F considered as outstanding introductions last year. You cast your 
iirwikA ^"^ ^ responded to our e-mails. We 

1999 2" *e replies and here are the results of EE's seventh 

annual Readers' Choice Awards. 




pis year, the selection y>Jas divided into eight categories: ATE, InstnimeDtation, 
Data Acquisition, Software, EMC, ESD, CommuDications Test, and 
Enyiroiunental Test. The baUots were completed via the EE web site and e-mail 
solicitations, and the competition was keen. To see a photo and more information, 
click on the product names below. 

AUTOMATED TEST EQUIPMENT 

The winner infeATE category is the Agflent Technologies' HP 93000 SOC 
Series that perfiwms volume production test on system-on-a-chip devices It is 
available in pay-per-use and fixed configurations and both models support test 
heads with up to 448 or 960 digital pins and space for up to four analog modules. 

INSTRUMENTATION 

For instrumentation, the award goes to the TDS3000 family of two- and four- 
chmnel color digital phosphor osciltoscopes from Tektronbe Sbc DPO models with 
lO-kword memones are ofTered. Bandwidth and sample^ate combinations are 
1 00 MHz, 1 .25 GS/s; 300 MHz, 2.5 GS/s; and 500 MHz, 5 GS/s. 

DATA ACQUISITION 

IOtech'8 DaqBoard/2000TM takes top honors in the Data Acquisition voting 
This multifunction plug-and-play PCl board features 200-kHz A/D; 100% digital 
calibration; bus mastering; dual 16-bit, lOO^sHz D/As; 40 digital I/O lines- fbur 
counters; and two timers. Sofhvare support includes drivBrs and tools for most 
programming environments under Windows 95/98/2000/NT. 
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SOFTWARE 



^""^ ^."^^ software, the honors go to LabVIEW 5.1 from National 
Instnanarts. Veraon 5.1i with 3-D graph control to enhance modeling and 
yisuahzatioi^streamlines theory ^j^^ new built- 

mt^ VI fiont panels tan be published on web pages with no progiainming 

EMC 

Your choice for the best EMC product in 1999 is the CASSPER EMI Test 
System fnm EMC Test Systems. The modular and portable PC-based 
instiuraentaion system records and isolates EUt signals without the need for 
anechoic chambers, h algo delivers true ambient cancellation. 

ESD ^ 

The Model 9« Mini Air Ionizer from the 3M Electronic Handling and 
Protertion Divisiori is the winning ESD product. The Model 960 feSures steady- 
stete DC aon einission aiod balanced shielded emitter points that do not require anv 
adjustments. It is UUC-UL/CE marked for global acceptance. ^ 

COMMUNICATIONS TEST 

In Communications Tests the award goes to Tektronix for the Q7750 Ontical 
Network Anriyzer. m Q7750 provides amplitude, chnmia^ dispersion, and 
^up^lay measuraneto for fiber-optic systems. It collects and pJLnts 600 
dalapomtsin4sandopferatesinthe 1,530-nm to 1,600-nm wavelength i3nge. 

ENVIRONMENTAL TEST 

Btvn^^ Test hondrs are presented to JAGUAR, a workstation-based. 

'PJl!^''" sJnictural, acoustic, and closed-loop vibt^ 
control fromSpectral Dynamics. Hie JAGUAR controls the shaker tables that 
simulate vibration stress^takes measurements from the object under test, and 
displays results such as transfer functions and power spectral densities in real-time 
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Innovative Pre-Compliance Test 
Methodology Using 
Ambient Cancellation a.d Coherence 
Detection Techniques 



Dr. p. Parhami, M. Aterino, S. Watkins, and E. Nakauchi 
SARA, Inc.. 15261 Connector Une, Huntington Beach, CA 92649 

(WEEE, Reprinted, with permission, from \EEE 1999 EMC Symposium 
Handbook, August 1999, pg. 1022. 



Abstract 

An innovative pre-corapliance test methodology is introduced 
which enables accurate and rapid radiation emission testing in 
the presence of strong interfering ambient radiators. The method- 
ology is based on a test technique which uses time and frequency synchro- 
nized multi-channel receiver systems to simultaneously record total fields at 
multiple locations. Advanced signal processing is used to cancel interfering 
ambient signals, accurately estiniate the EUT signal strengths, and relate radi- 
ation emission signals to their origins. 



AUGUST 2000 



20 



CONFORMITY^ 




w. CO nf o rm tty. com 



Ambient CanccIladoD C^>cn Area Test Site 



Hpequencies at 
which flmtt line is 
exceeded 



Select the next 
frequency point 
br evaluation 



te thte a local 
ambient signal? 

(racfio,TV,Ce« 
phone, raciar....) 



YES 



NO 



t 



Problem 
Identified 



Does the eUT etnit 
signals above the 
limit line at this 
same frequency? 



YES 




NO 



Figure 1. 



Coherence Test Equipment in Laboratory or at 
Installed Location 



Find approximate 
source of EMI 
using coherence 
detection 



Nearby Equipnaent 



EUT 
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No problem wixh 
EUT 



Localize EMI 
souzce using 
coherence detection 



detection techmq^ to identify tbe of chance airftt^s^S>^ti2^^^ ^ 



The presented test methodology virtu- 
ally eliminates the need for expensive 
aneAoic chambers for pre-con^liance 
testing and EMI troubleshooting. As a 
result, low cost and automated pie-com- 
pliancc testing can be eflFectively con- 
ducted in Open Area Test Sites (OATS) 
or inside fully operational plants 
throughout the product development 
cydc. 

Radiation Emission 
Measurement Challenge 

ffistoiically, radiation emission mea- 
suremenis in an op^ environment or 
within an operanonal environment have 
been difficult or generally inapossible 
because of ambient noise sources conta* 
minating the measuremeois. The solu- 
tion currently used for pre-compliance 
testing or EMI trouble shooting is to 
place the EUT in an auechoic chamber 
to conduct tests. While this may be 
acceptable from a technical perspective, 
the user finds that the tests are expen- 
sive and difficult once the equipment is 
installed in the field. The current solu- 
tion is also limited by its inability to 



easily and conclusively identify sources 
of excessive radiated signals. 

The test methodology introduced by 
this article utilizes two unique C25)abili- 
ties of an instnimentation system 
(Vinual ChamberT") that has been 
developed and demonstrated for radia- 
tion emission applications. The two 
phase process is illustrated in Figure 1. 

The fint phase is to detennine if a 
radiation problem exists and at which 
frequencies. IVpically, in an open or 
operational environment, the power 
spectrum density at many frequencies 
(Typically dozens) will exceed the radia- 
tion emission specification. For each of 
these potentially troublesome frequen- 
cies, the challenge is to answer the fol- 
lowing questions: 

• Is the signal due to external ambient 
signals, and 

• Docs the EUT have excessive inier- 
nally-genoratcd signals at the same 
frequency but hidden by the external 
ambient signal? 



These questions are answered, in an 
open environment or in the operational 
environment, using the ambient cancel- 
lation lechniqiies of the instrumentation 
(Vutual ChamberTM) system. 

The second phase, assuming exces- 
sive radiated signals have been identi- 
fied, is to locate the precise source of 
^c signals. This is accoiiq)lished using 
tiic coh«:ence detection aspects of the 
system. 

The remaining portions of the article 
describe each of tiic two features of the 
system in more detail. 

Ambient Noise 
Cancellation 

Radiation emission testing in noisy 
urban environment is a challenge com- 
plicated by the presence of numerous 
ambient man-made radiators whose 
field strengths can be 10s of dB above 
the ccrtificatiion limit hnes. Emissions 
from the equipment under test (EUT) at 
these ambient frequencies cannot be 
detected since they arc masloed by the 
much high^ amplitude of the ambient 
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signals. To circunrvcnt this probl^ 
radiation emission tests are either con- 
ducted in anechoic chambers or at 
remote outdoor test sites. These test 
facilities are expensive to setup, main- 
tain, and operate and are out of the 
reach of most small electronic equip- 
ment maDufactUTTO. 



In order to successfully measure 
emissions in an outdoor uiban envinm- 
naent, the uodesired ambient signals 
will have to be removed or cancelled 
from the loial field measurements. 
Hazli^aitcixq>ts to achieve ambient can- 
cellation consisted of subtracting the 
power spectral densities measured by 
two received channels, one located near 
die EUT and the other far from Ihe 
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EUT. TTiisB^iniqufi failed since tradi- 
tional Spectrum Analyzers do not 
record the detailed phase variation of 
the signals and only report the power 
spectral density averaged over a speci- 
fied time slice. 

A robust anabiwit cancellation instru- 
mentation system (Virtual Chamber^) 
has been developed and demonstrated 
for radiation OTdssion plications con- 
sisting of the following steps: 

• Two simultaneous receiver channels, 
one chatmel near the EUT and a refer- 
ence channel far from the EUT arc 
used (see Hgure 2). The first channel 
records the EUT emission plus the 
ambient signals, and flie reference 
channel only records the ambient sig- 
nal. 

• The two receiver channels are time 
and fipequency synchronized and 
record the radiated field strength at 
the two specified locations for further 
processing. 

' Advanced digital signal processing 
techniques are used to cancel the cor- 
related ambient signals from the two 
received time series. The residual is 
the recovered EUT field strength 
which, in turn, is used to generate the 
EUr s power density spectral func- 
tion (see Figure 3). 

The primary assumption for this pro- 
cedure is that the ambient signal time 
series data received at the two physical- 
ly sq)arated receiver channels are corre^ 
laied. lb ensure' diis condition, dK ref- 
erence channel needs to be free of vari- 
ous reflecdons (such as reflections from 
the gimind and nearby stmcturcs). Once 
the reference channel is reflection free, 
then it beconaes correlated with the 
ambient signal received by the EUT 
channel — iio matter how many reflec- 
tions it may have. 

Rgure 3 shows a typical ambient can- 
cellation result achieved in SARA*s 
paridng lot located in Huntington 
Beach, Cahforaia. The reference anten- 
na consisted of a monopole located on a 
ground plane about 100 feet away from 
die EUT. The EUT was simulated by a 
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signal generator connected lo a bi-log 
antenna ITae EUT receive channel was 
Located about 6 feet from the sinuilated 
BUT. Note the excellent canceUaiion of 
all ambi^ signals which hq>pen to be 
ihe strong local FM siatiom. The signal 
generator was used to simulate the EXJT 
signal at diffisxient £reqnencdes and 
anq)Htode. The Virtual Chamber consis- 
tenfty recovered the EUT signal in all 
cases within ±2 SB accuracy and was 
able to cancel the strong ambient sig- 
nals by as much as 50 dB. 

"Die Virtual Chamber system has also 
been successfully tested in mdoor am- 
ronm^ts (such as inside a building or 
on factory floors) and yielded similar 
cancellation peiforraance. For optimal 
indoor applications, ttie reference anten- 
na must be located outside tiic building 
so it can receive the ambient signal with 
minima] reflections. The Vixvaal 
Chamber system presented here is for 
pre-corapliance use and is not CISPR- 
16 qualified Tbe fully compliant system 
is capable of accurately measuiing EUT 
EM emission signals even when emit- 
ted signals are masked by much 
stronger ambient fitgnal<t This 
accomplished by simultaneously mea- 
suring the field strength at two physi- 
cally separated locations and canceling 
the ambient signals received at flie two 
synchroniicd receiver chaimels »^ing 
advanced signal processing algorithms 
(Patent Pending). The system is current- 
ly capable of up to .50dB of ambient 
canceEarion which is ar^orpi^^ for most 
urban outdoor radiated emission lest 
applicadons. 

Fault Ddteclion & Isolation 

Most EMI problems can be broken 
down into the following three parts: 

1. The source of tibie harmful EMI 
noise, 

2. The EMI coi^Iing mechanism, 
and 

3. The recepior or vicUm. 

For a radiated emission problem, two 
of the three items are generally known. 
The EMI coupling mechanism is 
through air and the EMI receptor is at 

CONFOHUrrY» 
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the measuring anteima or current probe 
Unfortunately, dct^minatioD of the 
lemaining.pan, the actual EMI source, 
is often con^licated by the presence of 
multiple sources or their harmonics 
which happen to be ar the same fre- 
quency of interest. Identification of die 
harmful EMI source firom several simi- 
lar EM emission sources is the time 
consunoing challenge faced by EMC 
engineers. 

A real-tinae digital signal processing 
technique has been developed and 
denK>Qstrated to mate this problem 
solving process more ^cicnt This 
technique takes advantage of the phase 
as weD as the amplxtnde of the mea- 
sured source and receptor signals. It 
uses carrelaiion algorihms to process 
the two simjiltaneous measurement sig- 
nals and estimate a critical parannteter 
called the Coherence factor. The 
Coher^ce factor clearly identifies 
^R^bether two measurements having the 
same frequency content are related or 
noL If they are perfectly related, the 
Coherence factor will be one. If diey 
are petfecdy uncorrelatcd. then the 
Ccrfierence factor win be zeio. Tlds 
tedbjiique allows the EMC engineer to 
quickly identify and isolate the domi- 
nant source of the EMI noise. An 
important advantage of this technique is 
that the system under test does not have 
to be turned off and on. This article pre- 
sents the technical a^^xroach used as 
well as two successful real wodd apph- 
cations of this technique. 

Tlie first application was at a gas sta- 
tion/convenience store experiencing 
intermittent immunity problems sus- 
pected to be caused by nearby 
policc/fire VHFAfflDF transmissions. 
These ambient signals were tbougjit to 
be interfering with the POS terminals at 
this site. Wirh the aid of the Coherence 
factor, 4e VHF/UHF signals were 
quickly tracked down. After fmtber 
im^tigation, it was detamined ftai the 
interference was caused by a bad com- 
puter cable shield and a local ground 
loop problem and not the local ambient 
signals. 

Tbie second apphcation was at a large 
semiconductor equqmient manufectur- 
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Ambient cmceUattiop in actioiL Once die tmbScnt lignals are raiif^ f^^ tbe ECJT tieonl is ftiDy 
recovered (9^ M$z in this example). Note that all axnUents wltboot tbe EUT present eBecttyeh 
been reduced to tbe DObe flooE. 



Top Quali^^^S^ 




-r^^- .-^V■r^^^■■'- 



»a'«''5;v»**i "*t-5"' it's ♦ >< . ; '-. 



ITFronic USA 

W(>rltlwkie. IJeliuery aiiii SorvU i^ 



■ rrfiO-T: X.inlj (ifdcJ l^jiiii Cirdc • Hi.xM^jjJ'N 



CONFORMITY* 



CIACLE READER SERVICE #18 

27 



AUOU3T 2000 



12/04/2600 13:35 



1714902 



SARA INC 



PAg 24/24 



r.conrorailty.4 





0.9 - 




o.e - 


CD 


0.7 ' 


O 




c 




£ 


0.6 - 






o 




oh 


0.5 - 


o 






0.4 - 




0.3 • 




0.2 - 




0.1 - 




0 



MouM/Keyboard Cable 




307 



308 



309 



310 



315 



316 



317 



Tignre 4, UiiUke tbc 



311 312 313 314 

Frequency (MHz) 

Si^orri;^^^ the Coh«^ plot d«riy »bow, tt. 

ftbted (higher Cototnce) to thTSblS Si^^SS?^^ ^^P**' ^OA^Se^Z^nm^ 




FCCDOC/VCa Hcisiistmd 

PRODUCT roMPiiAKfrp -TFcpTiM^ mp 

THE GLQ&AI MAPifFTpi^rp 

Electromagnetic Compatibility 

USA (CFR)47 Part ISandPartlBKr 

Canada Industry Ciiuda ICES -003 
Europe EMC Directive fiS/336/EEC-CEiMarlc 
Medical Directive 93/42/EEC-(MDD) 
VCCI ' 

EMC Frameifvorlc 
New ZeaUnd RFS 49 

Taiwan BOO Accredited 
Product Safety 



Japan 
Australia 



USA 
Canada 
Europe 



D Australia 



Customer Agent for UL 
Customer Agent for CSA 
Low Voltage DIrearve • 73/23/EEC 
Medical DIrearve 93/385/EEqAIMD) 
93/42/EEC (MOD) 

AS-3260 ITE 



LONE STOP FOR ALL Tt^STINC SFPVTiTrc . 



ConsiUratioiimoTible-shooaDtg upon 
Notified Body/Congetem Body access 



COMRL lANCE TEST LABORATORIES, INC 

f'.o.lOXrzo, 1 37 Airport Road, Libtrty. SC 2>6S7 
Email: ctl@ prodigy, net 
P/KJoe: (864) 843- J 604 Fax: (8S4) 84^-1312 
1 -888-843-1820 



AUGUST 2000 READER SEF?VICE #19 



28 



Th^ second appUcation was at a laige senriconductor equip, 
raent mamifacturing plant A receafly developed system had 
laded radianon emission readings. TTiis complex system had 
niultiple coaqmters and was too large to be moved to an anc^ 
choic chamber. The radiation emission leadings were forthcx 
compUcated by emissions fiom other plant equipment which 
were fuHy operational during the evaluation process. Usin;? 
the correlation technique, ihe EMI sourtc was narrowed down 
10 one of the three computen. and then to the VGA cable on 
4at specific computer, in less than one day. As seen in Figure 
4. me Coherence {actor dearly indicated that the VGA cable 
signamre was more related to the high radiation emission 
rtadrngs than the mousetoyboarx! cable signature This dra^ 
matic conclusion could not have been made from Spectral 
Power Density measurements of the same two cables. 

Coficlusfon 

The technology and test methodology embodied by the 
Vuti^ Charnbcr has been demonsti^ 

^^^^"^ the EM problems fiequenily encountered 
by the EMI engineer and small clecconic developer. This tool 
provides for EM radiation and fault isolation testing in the 
field and in the presence of strong ambient signak ■ 
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The manufacturer says 



CAS8PER records and isolates 
EUT signaio of interest without the 
need for anechoic chambers y^"" 

Lake Forest, CA and Austin, 'OC- 
CASSPER Instrumentation Systems, 
Inc. (CIS) and EMC Test Systems 
(ETS) announced an investment and 
distribution agreement focused on 
developing the American and 
European marlcets for CASSPER 
system for EMC Testing. ETS has 
taken an equity interest in CIS and 
will put its distribution and marketing 
resources behind the new product. 

CASSPER is a new PC-based 
instrumentation system that records 
and isolates EUT (equipment under 



Chipcenter's Alex 
Mendelsohn says . . 



First Off. lets define the acronym. 
CASSPER stands for Condgurabie 
Automated System for Sensing and 
Processing Electromagnetic 
Radiation, Now that we know that, 
just what Is CASSPER, and why 
might it be the answer to an RF 
engineer's praybrs? 

rf you're working with sensitive 
receivers and ^soctated 
transmitters, ycju need to know 
where you starid with respect to 
electromagnetic compatibility (EMC) 
and electromagnetic interference 
(EMI); Indeed, the CASSPER 
system promises to t>e a reasonable 
way to get the Droveft>tal "leg up** 
when K connes to pre-compliance 
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test) 8ignale of inters withoui the 
need for anechoic cHanibers. The 
system (Selivers true .ambient 
cancellation and rerrioves the 
guesswork in signal identification. 
The product's coherence 
measurement feature alkrws 
engineers to identify and locate 
sources of EMI nois^, including 
multiple sources of the same 
frequency. This savets enormous 
engineering time duiiing the mitigation 
stage at the board. ninH or system 
level. The system is imodular and 
portable, so It can b^ easily 
configured to meet ai variety of 
specific needs. 



emissions testing. But wait, there's 
more. 



If you use this reasonably priced 
instrument (K costs about $45,500 to 
$47,000. depending on configuration; 
probes and antennas are options), 
you'll be in a position to icnow where 
you stand before you undergo FCC 
test stints. Moreover, the unif s price 
tag ts about half what you'd exp^ to 
pay for a conventional test setup. 
That means you can test to your 
heart's content prior to spending tiie 
big bucks at an FCC lab. 



'The product gives engineers far 
more tools than evert before. Ambient 
cancellation and source localization 
are now available to anyone - even in 
the lab or on the projduction floor,*' 
explains Stephen Watkins, President 
of CIS. **ETS is a leader in the EMC 
test market, and the(y recognize the 
tremeruious potential for this product. 
We're very excited sibout the 
prospects for this uriion." 

Bruce Butier, VP and General 
Manager of ETS stated tiiat "we are 
convinced that CASfePER will have a 
tremendous impact dn the market. 
'Encroaching urbanikation' is a trend 
that will continue to impact our 
customers' ability ta test-and this 
product solves the ptroblem/' 

ETS Is a manufacturer of products 
that measure, contain and suppress 
electromagnetic RF and microwave 
energy. The company markets its 
products under the iMand names of 
Rantec, EMCO, Ray Proof (htorth 
America) and Euroahield. 

CASSPER Instrumentation Systems. 
Inc. focuses on the design, 
manufacture, sales and support of 
Innovative systems to help 
manufacturers of electrical equipment 
measure EMI (electtt)magnetic 
interference) and ddlennine 
compliance with regulations of the 
FCC and similar go\>emment^l 
organizations around the wortd. The 
company's products were developed 
and proven under contract to ttie 
United States Air Force. 



New Departures 

By Alex Mendelsohn 
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Why not use a conventional spectrum analyzer? After all, isn't that what most RF 
engineers turn to when they need to get a handle on whafs happening in the 
frequency domain? True enough, but what about signals that are hidden by extenial 
RF noise? 

In many outdoor radiated-emlssions test sites, ambient RF levels are often above 
the emissions limits you're looicing for. Radio and TV broadcast signals can be 30 
d& or even 40 dB abov^ radiated emissions limits In some urban locations. Just run 
your spectmm analyzed with a short antenna on its input if you want to see those 
signals. 




CASSP6R takes a different tacit, using the power of DSP. It identifies RF emitters 
(not just for frequency and power level), in spite of ambient RF noise-and without a 
pricey anechoic range chamber. It can also let you readily perfbnr) A/B 
comparisons over a range from 200 Hz all the way up to 1 GHz. 

Hard-to-identify radlatlbn sources j::an also be located with pinpoint accuracy. 
Imagine being able to zero in on a leaky cable, or a harmonic-laden dock line, or a 
nearby transmitter thafs emitting a spurious signal. 

Thanks to it being PC-hosted and small in size, a CASSPER system can be sited 
conveniently at various points in your enterprise or in the field. As such, it seems 
like a natural for incoming component and subassembly qualification testing. You 
can run your RF tests on-site if the system you're devetoping Isn't in your lab. or 
doesn't fit in your lab. or in an anechoic chamber, for that matter. 

Your manufacturing technicians can just as readily use K in post-production sample 
testing. Little special lest expertise is required. 

The CASSPER box also promises to relieve backlogs from over-scheduled test 
resources. Moreover, while chamber-t>ound third party test sessk)ns typically 
demand as many as three days to come up with results, the little CASSPER can 
usually do the same tests and come up with meaningful results in half a day or so. 

The Virtual Chamber 

In the past, one way around the ambient hash and noise problem was to perfom^ 
your compliance or RF) tests in a remote area, or inside an expensive, and 
oflentlmes largo, shielded anechoic chamber or screen room. Now you enter what 
CIS/ETC calls a Virtubl Chamber. 

Indeed, the Virtual Chamber is the beauty of the CASSPER system. You can run 
accurate RF emission tests, even in the presence of annoying ambient signals in 
the spectmm of interest. Ambient cancellation is the secret. 




P^c 3 of 5 



12/04/2608 13:35 



171491 




SARA INC 



ChipCenier The Wob's I>ofirtitiv« Elecmmiw Resourc* 



In fact, you can now mike measurements at test sites that have been proven to be 
overrun with ambient signals. That means in-place testing can even be performed 
on the factory floor, for sexample. or in other previously unsuitable locations. 

Windows and LabVIEW 

The key to making this! happen. In part, is CASSPER's use of a point-and-click 
Microsoft Windows environment mnnlng National Instruments' popular LabVIEW 
software. The CASSPER system uses these PC-hosted applications, ak)r>g with 
DSP hardware, in a frequency-synchronized phase-locked multi-port receiver. 

The dual-channel receiver's tinDe- and frequency-synchronized channels can 
simultaneously record isignals at multiple locations. The box's high-sipeed DSP then 
cancels interfering ambient signals, while accurately estimating EUT signal 
strengths. Moreover, tHe system relates radiating signals to their sources. Thats 
pretty neat. 

In use, multiple sensors (antennas or perhaps current transformers) are patched to 
CASSPER's hardware enck>sure. with auton^atic port multiplexing based on the 
operating frequency of the sensors. Each of the system's two channels (A ar>d B) 
has up to four front panel 50-ohm input ports. At minimum, you'd connect two 
sensors, one for each channel. For ambient cancellation, one sensor measures 
both EUT and ambient radiation, while the other measures ambient radiation. 

Prior to actually making any measurements, the system creates files describing 
the sensors you*ve ch6sen. It also stores related data, such as antenna factors, 
transfer impedance, and insertk>n loss metrics. 

For source localization, one sensor measures the problem signal and the other 
probes for its origin. The EUT and ambient signals can be CW. or AM or FM. or 
digitally modulated. Regardless of signal type, CASSPER cancels the ambient 
signals and recovers the EUT signal. Even multipath distortk>n woni phase the 
CASSPER (no pun Intended). 

In some cases, two signals that have the same frequency aren't necessarily 
related. They may (or may not) be from the same source. hk> probl^ for 
CASSPER. It can localize RF sources by identifying measuren>ents that are 
related and from the sanf>e source. 

If you use CASSPER br ambient cancellation, an antenna Is placed at some 
distance d in front of your EUT. The antenna is then connected to Channel A. 
Naturally, it receives tioth EUT and ambient emissions. However, a second antenna 
is also placed further away-*at a distance of approximately ten times d. This 
becomes your reference antenna; its connected to Channel B. It records the total 
ambient signal corrterit- By the way, both antennas are generally pointing in the 
same direction and have the same polanzation. 

CASSPER*s time- and frequency-synchronized receive channels simultaneously 
record the radiated fteM strength at the two locations. The con-elated ambient 
signals from the two received time series are then canceled, creating a virtual third 
measurement channel This measurement contains signals unique to Channel A. 
and therefore represents the EUT. 

If you use the system to perfomn source localization, the EUT antenna used for the 
ambient cancellation test setup can remain in the same position, connected to 
Channel A, receiving both EUT and ambient emisswns. For board4evel testing, the 
EUT antenna can be replaced with a sensor such as a current damp, and the 
reference antenna connected to Channel B can be replaced with ar) E or H near- 
fiekj prot>e. 

However, in-place te^ng of a large EUT may be more practical If two antennas are 
used instead. Either way. the choice and location of sensors are not as important 
as they are for ambient cancellation. 



hrtp ://ww w.chipeeniw. tom/productrcvi«w»/Te«indM««»urciii tni/pro^ J ? i 



12/04/2000 13:22 171490«00 



SARA INC 



PAGE 



Tir^d of fighting 
throijgh the ambient 

to find your 
product's emissions? 




PrvBuMCy (MHZ) 



www.ca5Sper.com 

3SS-4CASbPbH S&S-422-777S 
EMC Syrnposii.j'Ti Booih r; 1012 



CASSPER' 



As seen in Compliance Engineering, Evaluation Engineering. TesT 6i Measurement World 



12/04/2008 13:22 



171491 



^p00 



SARA INC 



PAGE 14 



i^CASSPER 



15261 Connector Lane 
Huntinoton Beach, CA 92649-1117 

Tel 714 903-1000 
Fax 714 903-0500 
E-mali cassperQsara.CDm 

i/csssper 




Regulatory Pre-Compliance Application 

Will Ambient Cancellation & Fault Detection Capabilities 

Transform your outdoor test range into a complete "regulatory pre'COmpliance' emissions test facility. 
Only the Patent Pending CASSPEHf^ can eliminate your troublesome ambient signals and "pull out" the 
desired EUT signal. The same product can be used to pin point the source of any detected EMI signals 
which exceed the limit lines. ^— 



Complete Regulatory Emission Package: 

• General emission capability 

• Preset test configurations for ITE, Test and 
Measurement, Medical and others fot both radiated 
and conducted emissions 

• Unlimited niarker capability 

• Save/replay capability for data comparison 

• Technician notes saved with data files 

• Integration with Ambient Cancellation S/W 

• Integration with Fault Detection & Isolation S/W 

• Frequency range: 10 KHz - 1 GHz 

- higher frequency units due in 1999 



System Requirements: 

• A minimum of two CASSPER® receivers 

• A CASSPER® ControUer 

• A Pentium Qass (WINDOWS 95/98/NT) or 
PowerPC Class (Mac OS) Computer with GPEB 
card. At least 64 MB of RAM is recomuo:iended 

• Regulatory Emissions Software 

• Ambient Cancellation Software 

• Fault Detection & Isolation Software 

• Third party antennas and probes 





CASSPER® is a Rsglstered Trademark of ^ARA, Ino. 



A product of SARA, Inc. 
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Fault Detection & Isolation 



Eliminate the guess work out of EMI fault detection and source localization by measuring the correla- 
tion of similar signals. Only CASSPER® 's Patent Pending architecture can provide you with an effec- 
tive Fault Detection and Isolation capability. — — — 



Specifications: 

• Coherence function is used to pinpoint the source 
of EMI, The Coherence function measures the 
correlation among multiple signals, Qven when 
they are at the same center frequency 

• Ability to view multiple receiver input simulta- 
neously for determining noise soured 

• Frequency range: lOKHz - IGHz 

• Full integration with the Emission and Ambient 
Cancellation software 

• The same flexible hardware and software config- 
uration can be employed for EMI investigation 

of: 

- circuit boards 

- electronic boxes & systems 

- manufacturing plants 



System Requirements: 

• A minimum of two CASSPER® receivers. One 
near the suspected EMI source, the other near the 
location being interfered with 

• A CASSPER® ControUer 

• A Pentium Class (WINDOWS 95/98/Nr) or 
PowerPC Class (Mac OS) Computer with GPIB 
card. At least 64 MB of RAM is recommended 

• Fault Detection and Isolation Software 



40 



S20 



cn 



40 

GO 

§20 
03 



40 

O 



Power (dBm) 






EMI Detected ar 
EUt 


1 








.5 : 


i 3.5 




LOt: potential 
cause of EMI at 
BUT 




.5 3 3.5 




L02: potential 
cause of EMI at 
EUT 











1 

0.9 1- 

0.6 
0.7 



o0.6 
gO.5 
O0.4 



isr clearly identified~as 
the interference source 



Freq (MHz) 



3.5 




\ 



EUT is highly 
correlated with 
LOl 



EUT is poorly 
correlated with 
L02 



Freq (MHz) 



CASSPER® is a Registered Trademark of SARA, Inc. 



A product of SARA, Inc. 



12/84/2880 13:22 171490a«00 



SARA INC 



PAGE 16 



{^CASSPER 



15261 Connector Lane 
Huntington Beach, CA 92649-1117 

Tel 714 903-1000 
Fax 714 903-0500 
E-mail cassper®sara.com 

www.sanuQai/cassper 



True Ambient Cancellation 
For Outdoor Test Sites 



Eliminate the need for a expensive anechoic chamber by reducing your ambient noise by as much as 45 
dB from your outdoor test range, OrUy CASSPER®'s Patent Pending architecture can provide you with 
an effective outdoor emission test ra^ge. 



Featurcs/SpecijHcations: 

• Operates in the investigation window to speed up 
testing and operations 

• Window opens directly to marker/frecjaiency under 
investigation 

• Peak, peak hold, and average functions 

• Variable bandwidth selection 

• Up 10 45 dB cancellation of ambient signals 

• Frequency range: lOKHz-lGHz 

• System dynamic range: 90dB 

• Instantaneous dynamic range: 60 dB 

• Full integration with the Eniission and Fault Isola- 
tion software 



System Requirements: 

• A minimum of two CASSPER® receivers. One 
near the EUT, the other far from the EUT 

• A CASSPER® Controller 

• A Pentium Class (WINDOWS 95/98/ND or 
PowerPC Class (Mac OS) Computer with GPIB 
card. At least 64 MB of RAM is recommended 

• Ambient Cancellation Software 
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EMP Hardness Surveillance Test Technique Based on 
Ambient Man-Made Radiators 
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Abstract 

As prescribed in MIL-STD- 188-125, EMt» Hardness Main- 
tenance/Hardness Surveillance (HM/HS) of hardened 
facilities includes CW illumination testing for evaluation of 
facility EM shielding integrity. This test technique is 
equipment, labor, and time intensive and it generally in- 
trudes on normal facility operations. In addition, due to tin>e 
and resource limitations, HS testing is performed infre- 
quently (every few years per site) — rdducing the confi- 
dence in the EMP hardness or survivability of these impor- 
tant assets over time. The need for a less intrusive, low cost 
HS test technique is apparent. 

Advanced signal processing techniques, ia conjunction with 
physically distributed synchronized receivers, have created 
new possibilities for EMP Hardness Surveillance (HS) ap- 
plications. Specifically, external ambient man-made EM 
radiation can effectively .be used for mbniioring the EM 
shielding integrity of EMP hardened facilities; minimizing 
or even obviating the need for the traditional, intrusive, re- 
source intensive, active CW radiation sources. 

Introduction 

It is a well known fact that commercial radio or TV receiv- 
ers have either poor or no reception when operated inside 
EM shielded facilities. EMP engineers have long desired to 
exploit this fundamental but intuitive phenon^na as the ba- 
sis for a simple, low cost HS test technique. Conceptually, 
such a technique involves continuous or pferiodic monitoring 
of the EM shielding integrity of a facility, using only receiv- 
ers for monitoring the ambient signals, and sounding of an 
alarm 'when hardness maintenance is required. 

Realization of this concept has been styntied by the lack of 
time and frequency synchronized receives for simultane- 
ously monitoring the ambient fields inside and outside the 
shielded facility. Recent demonstrations have successfully 
shown, however, that use of advanced signal processing 
techniques in conjunction with physically distributed syn- 
chronized receivers can provide adequate sensitivity for this 
revolutionary application. 

Ambient HS Teat Technique Requirements 

The requirements for an instrumentation system capable of 
monitoring facility EM shielding integrity using ambient 
man-made radiators as die excitadon signal are: 



• A minimum of two physically distributed receiver 
channels to measure the ambient fields outside the 
shielded facility and the induced response at test points 
inside the facility. The receivers must be time and fre- 
quency synchronized to enable comparative analysis of 
the measured data. At a nuniroum, the interior receiver 
scnsitivity^must be better than -100 dBm. 

• Wideband signal processing algorithms capable of 
processing the two received channels in order to isolate 
and correlate related signals between them. 

Candidate Instrumentation System 

The requirements defined above have been realized in 
CASSPER*, a new generation of instrumentation system 
developed by SARA under contract to the Air Force Re- 
search Laboratory (AFRL). It was designed for the purpose 
of providing the EM community with a new, versatile tool 
for efficiently and accurately characterizing transfer func- 
tions, especially in high noise environments, without caus- 
ing EM interference (EMI) in neighboring electronic 
equipment. CASSPER* is the result of an innovative appli- 
cation of the following dual technologies (Patents pending); 

Digrtal Distributed Instrumentation. 

As depicted in Figure 1. CASSPER*has a distributed and 
expandable architecture facilitated through the use of digital 
fiber optic links as opposed to the familiar, traditional ana- 
log fiber optic links. All modules in the physically distrib- 
uted CASSPER® system are time and frequency synchro- 
nized. The entire system performs as a single cohesive in- 
strument — a feature essential for implementing wideband 
signal processing algorithms. Triggered by a command from 
the central computer, CASSPER* receivers simultaneously 
detect and digitally record signals at each location. The re- 
corded dau are then digitally transmitted to the central 
computer for wideband signal processing and analysis. 

Spread Spectrum Excitation and Processing. 

CASSPER* is capable of spread spectrum operation to take 
advantage of wideband random or pseudo-random excita- 
tion and response signals, such as those from ambient man- 
made EM radiation. 

The spread spectrum mode of operation includes calculation 
of the coherence function F defined as: 
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Rgure 1 . CASSPER* instrumentation system has a distributed architecture so it can simultaneously record 
time and frequency synchronized data at muitipie locations. The received data are recorded at each location 
artd digitally transmitted to the central computer for signal processing via digital fiber optic links. 



r'C(o)= ISy.((0)P /[S^(a))S,/a))I 



(1) 



where S,, and Sy^ are the autocorrelation of the wideband 
signals recorded outside (reference) and inside the facility 
(response), respectively, and S,, is the cross correlation of 
the two signals. The non-parametric transfer function or 
shielding effectiveness H, is derived using: 



H(a))= Sy,((o)/S^((D) 



(2) 



A valid EM shielding effectiveness estinaie at a given fire- 
quency requires that the reference signail u, and response 
signal y, be highly correlated at that frequency — ix., the 
coherence function F near one. For less *ian perfectly cor- 
related interference or noise, the shielding effectiveness 
estimate error is related to the coherence as follows: 



pled at 12 MHz using a 12 bit converter. Each receiver can 
be prograiruned to store up to 64.,000 tinie series samples of 
the 3 MHz signal. 

For the ambient hardness surveillance application, the sys- 
tem was programmed to perform a non-parametric signal 
processing operation on the simultaneous reference and re- 
sponse channel measurements. To achieve relations shown 
in Equations 1 and 2, the Welch method with no overlap 
(also referred to as the Bartlen method) was used to estimate 
the auto- and cross-correlations'. The processing steps are: 

I . Each receiver's digitized measurements are divided into 
smaller sections or time windows. 



e(IH((ol) - {{l'P{o>m2nr\ix>))y 



(3) 



where n is the number of averages. Thusv as the coherence 
becomes small, the normalized random error increases as 
one over the coherence. The normalized random error ap- 
proaches 0 as coherence nears 1 . Figure 2 demonstrates this 
behavior for various values of d. 

The current version of CASSPER* is capable of capturing a 
3MHz wide signal about a center frequency selected in the 
lOKHz - I GHz range. At each center frequency, the 3MHz 
wideband signals are simultaneously digitized and recorded 
by all CASSPER® receivers. These receivers are frequency 
synchronized to a single local oscillator clock trattsmitted 
through the digital fiber optics loop. TItis is an essential 
feature of the system since the coherence F between the data 
channels is destroyed even if the two receiver clocks drift as 
little as 200-300 Hz. Each 3MHz wideband signal is sanv 



2, 



3. 



4. 



For each section, the data is convolved with a Banning 
window function. 

Each section^s data is decomposed into its spectral 
components using a discrete Fourier transform (DFT) 
algorithm. 

The reference receiver's DFT data is multiplied by its 
complex conjugate to produce the auto-power spectrum 
of the reference. 

The response receiver's DFT data is multiplied by its 
complex conjugate to produce the auto-power spectrum 
of the response. 



' "Engineering Applicacion? of Correlation and Spectral Analysis'*, 
by Juliub Bcndai & Allan Picr»ol, 2nd Edition, 1993. Publisher 
John Wiley & Sons, New York, N.Y. pages 7 J -76- 
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6. The response's DFT data is multiplied by the complex 
conjugate of the reference's DFT data to produce the 
cross-power spectrum. 

7. Steps 2 through 6 are repeated for eachidata section. 

8. The results from each section are added together. This 
gives a sum of the auio-power spectrum of the refer- 
ence, a sum of the auto-power spectrum of Che re- 
sponse, and a sum of the cross-power spectrum. 

9. The transfer function or shielding efTecdveness estimate 
is the cross-power spectrum divided by the auto-power 
spectrum of the reference (sec Equation 2). 

10. The coherence function estimate is the square of the 
cross-power spectrum divided by the product of the 
auto-power spectrum of the reference and the auto- 
power spectrum of the response (see Equation 1 ). 

The above signal processing procedure was successfully 
implemented into CASSPER* and recendy demonstrated in 
the following proof-of-concept test program. 

Proof of Concept Test Program 

The shielding effectiveness of DTRA^s 3.m shielded room, 
located in SARA*s Albuquerque, NM offices, was moni- 
tored using ambient mar-made radiators present in the Al- 
buquerque area. This test was conducted during a three-day 
f)eriod in February 1999. Due to time and resource limita- 
tions, the test objectives were limited to: 

• Demonstrating the coherence detectSon technique for 
identifying the common ambient signals at both the ref- 
erence and the response channels. 

• Demonstrating the utility of the technique in detecting 
various degradadon levels of the shielded room. 

As shown in Figure 3, a log periodic antenna was used as 
the reference channel located 4.5 m away from the shielded 
room. A Im loop antenna was used just inside the shielded 
room and perpendicular to the door, to represent the re- 
sponse channel. No attempt was made to calibrate the an- 



tennas over the lOKHz-lGHz range. The exact location and 
orientation of the two antennas were kept unchanged 
throughout the experiments. 

The entire lOKHz to IGHz spectrum was scanned using two 
CASSFER* receivers without any consideration given to the 
known local radiator center frequencies- Each scan of the 
entire spectrum was achieved in about 8 minutes, during 
which over 20,000 frequency points (frequency resolution 
of 47KHz) were recorded using 32 averages. 

The test results presented in the following subsecuons 
clearly demonstrate the success in meeting the two program 
objectives. 

Door Open Experiment 

A series of experiments were performed with the shielded 
room door wide open in order to: 

1 . Validate the coherence detection technique — which is 
the first program objective, and 

2. Evaluate the short-term repeatability of the lest setup — 
necessary for meaningful degradation experiments. 

Figure 4 (top plot) depicts the iGHz scan of the shielded 
room with the door wide open. As expected, man-made ra- 
diators were successfully detected ai several hundred fre- 
quency points spread over the entire I GHz range. To have 
high coherence, a given time series signal must be detected 
at both the reference and response channels. The higher the 
coherence, the stronger the two signals are correlated. The 
coherence detection technique is further illustrated in the 
lower plot of Figure 4 which only displays data over the 
commercial FM band. Strong Albuquerque FM stations 
consistendy resulted in coherence of 0.8 or higher, which in 
turn, will yield accurate shielding effectiveness estimates. 

The lower coherence values, say 0.3-0.8, are due to poor 
signal to noise ratio (S/N) in the response data. The wide 
band processing identifies and "pulls" the desired ambient 
signal out of the response noise floor. 
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The experiment, the results of which are shb>vn in Figure 4, 
was repeated three hours later using the same configoration, 
i.e., shielded room door open, in order to evaluate the short 
term repeatability of the test procedure. The repeal meas- 
urement followed the degradation experiment described 
later in this paper. 

For the two repeat measurements, the top graph of Figure 5 
plots the number of frequency points in common for a given 
coherence threshold. For example, about 100 common fre- 
quency points were found to have a cohtrence of 0.8 or 
higher, and about 300 common frequency points were found 
with coherence factor of 0.5 or higher. The remaining 1 800 
points had poor (<0.5) coherence. The cx>rTesponding re- 
peatability statistics are shown in the lower p\ot of Figure 5. 

It is remarkable to note that, at any coherence threshold 
level, the average error between the twoi repeat measure- 
ments was consistendy less than 1 dB. While on the average 
the two repeat measurements were virtually identical, the 
corresponding standard deviation clearly shows the spread- 
ing of the individual sample error as the coherence threshold 
is reduced. The standard deviation consistently remains be- 
low 3dB for coherence > 0.5, and appears to completely fall 
apart for coherence < 0.1. Some general observations can be 
made based on this limited repeatability experiment: 



mm-'' 




Figurs 3. Experimental setup used for the proof 
of concept experiment. The 3m shielded room 
has better than lOOdB shielding effectiveness 
once the RF door seal is engaged. 




Figure 4. Top Plot: Coherence plot for shielded room door open. Nunterous manmade stations were simul- 
taneously detected, by both the reiference and response test points, over the entire IGHz frequency range. 
The FM band portion of the top plot is expanded and shown in the bottom plot Note that every predominant 
Albuquerque FM station Is clearly identified by a strong coherence spike. 
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Figure 5. Short term repeatability data is shown for two scans made three hours apart for the "door open" 
configuration. The top plot shows the number of common frequencies between the two scans as a function 
of coherence threshold levels. Ttte bottom plot displays ttie average and standard deviation tsetween the 
transfer function estimates at the eoimmon frequency points as a function of cohererK:e threshold levels. 



• The shielding effectiveness estimates when coher- 
ence > 0.8 can be directly used as a de^adation 
measure. For lower coherence thresholds, other sta- 
tistical metrics should bt developed. 

• The change in the "average" metric, as defined in 
Figure 5, can be an effective statistical degradation 
indicator. Significant shift in the avei^age can only be 
caused by the change in facility configuration. Addi- 
tional study is required to determine optimum coher- 
ence threshold levels for such a metric. 

• The "standard deviation" metric can be used to 
screen out unstable man-made radiaters, such as mo- 
bite stations which continuously change their orien- 
tation with respect to the facility. The ''standard de- 
viation" metric can be used to idestify and delete 
these potentially unstable frequencies' at a specific fa- 
cility. 

Degradation Experiment 

The DTRA's shielded room has a RF seal which, when 
engaged, increases the shielded effectiveness of the room 
to over 100 dB. This presented an excellent opportunity 
for conducting an effectiveness degradajUon experiment 
using the Albuquerque ambient radiators. 



Four shielded room configurations were consecutively 
tested over a three hour period. They were: 

1 . Door closed - RF seal activated. The room is ex- 
pected to have over lOOdB shielding, although we 
were not able to independently verify it due to time 
limitations. 

2. Door closed - RF seal deactivated, door not touched. 
We expect some minor shield degradation over the 
first configuration. 

3. Door closed - RF seal deactivated, seal broken. The 
door was Upped so that the slight warp around the 
door, which is pulled in by the RF seal, appears. The 
shield degradation is expected to be significant in this 
configuradon. and 

4. Door wide open. This is the same configuration used 
for the repeal experiment. It represents the maximum 
degradation of the room. 

As before, each IGHz scan was conducted in 3 MHz 
steps, used 32 averages, and yielded over 20,000 samples 
at 47 KHz frequency steps. Each scan was completed in 8 
minutes. The procedure is extremely data rich and the 
data can be analyzed using many techniques. The key to 
the success of this method, however, is the derivation of 
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simple and easy-to-track metrics for rmoniioring the 
shielding effectiveness of the shielded room. 

Figure 6 shows one such metric and the potential for for- 
mulating other types of metrics. Shielding effectiveness 
estimates for frequency points with coherence > 0.5 are 
displayed in the four scatter plots, corresponding to each 
of the four shielded room configurations. The following 
are some general observations: 

• The number of frequency points deiiectcd with co- 
herence > 0.5 is a simple and effective metric for 
tracking the shielding effectiveness of the room. 

• The scaner plots clearly show the incfeased penetra- 
tion of specific manmadc radiators (asi highlighted in 
Figure 6) as the shield is degraded, llhis phenomena 
can be used as the basis for more advanced and per- 
haps more stable metrics for tracking degradations. 



Conclustons 

We have successfully demonstrated the feasibility of us- 
ing manmadc ambient radiators for monitoring the 
shielding effectiveness of facilities. Further research in 
this area includes: 

• Developing different types of metrics for tracking 
shielding effectiveness. 

• Establishing procedures for establishing baseline 
levels for the various metrics, and 

• Automatically adapting to the local ambient envi- 
ronments and use the necessary metric(s) to report on 
the health of the shielded facility. 
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Figure 6. Transfer function acatteir diagrams for the four shielded room configurations. Configuration 1 is 
with door closed and RF s«al activated. Configuration 4 is with tha door wide open. HoX% the increase num- 
ber of frequancy points with coharence >0.5 as the shialded room Is increasingly degraded. As highlighted 
by tha dotted tine, also note the palitem of the scatter diagram which tends to bunch around local stations. 
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